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Summary 
Meiosls in pollen mother cells was investigatecl in nine clones of Allium wakegi ancl in 
twe1ve p1ants of the interspecific hybricl between three forms of A..fistulosum ancl three forms 
of A. ascalonicum. 
Thc genera1 appearanccs o[ meiosis in al materia1s examinecl were simi1ar to cach 
other， particu1arly in the occurrences o[ heteromorphic biva1ent chromosom巴sbesides 
univa1ent chromosomes at metaphase-I， ancl in the types o[ chiasma Iormation. Notice-
able variations in the frequencies of chromosome pairings ancl [ragments， however， were 
obs巴rveclat metaphase-I among the clones of A. wakegi ancl among the hybricl p1ants. 
These results support the assumption that A. wakegi is a product of the interspecific 
hybriclization between A. fistulosum and A. ascalonicum， ancl suggest that different forms 
within one or both 01" the parenta1 species may have been invo1vecl in the origin o[ A. 
ωakegi. 
Alli・umωakegiAraki2)， grown in j apan， China， ancl the countries o[ southeastern Asia， 
is a vcgetatively propagatecl edib1e p1ant. This p1ant has been spread by cu1tivation to 
japan， especially to wcstern areas， [rom ancient times and used main1y by home garden巴rs
to produce green onions. Sinc巴 A.wakegi has a good texture and de1icate flavour三itis 
interesting to make use of this p1ant as a breeding materia1 for new green onion varictics. 
Thc sevcre steri1ity o[ A. wakegi， asin th巴caseo[ A. sativum L.， however， prevents this p1ant 
f1'om bcing crossed with othc1' Allium specics. To t1'acc back to thc origin of this species 
may the1'c[ore be significant fo1' the onion b1'ecdings mentioncd abovc. 
1 t is suggested by somc rcsea1'chers that A. wakegi has a hybrid origin for its hetcrozygous 
karyotypc or its irregu1a1' processes of meiosisl， 3， 7， 8，10，15，16). The author of the present 
paper has compa1'ed the ka1'yotype o[ A. wakegi with that of thc F1 hyb1'id between A. 
fistulosum L. and A. ascalonicum L.， and suggcsted that thesc two species must bc the parenta1 
p1ants of A. wakegi15). 
The invcstigations repo1'ted he1'e were carriecl out to compa1'e the meiotic behaviors of 
A. wakegi with those of the F1 hybrid bctween A. fistulosum and A. ascalonicum. 
Materials and methods 
Nine clones of A.仰 kegiand twc1ve p1ants of the 
A. ascalω0仰仰lwe1'e used for the obse1'vations o[ meiosis in pollen江川hercells (PMCs) 
in 1978 and 1979. Most cloncs of A. wakegi wc1'e supp1ied by Yae Ag1'icultura1 Seed and 
Imp1emcnt Co・， Isahaya City， Nagasaki. The F1 hybricl p1ants had been derived f1'om 
four cross combinations of diffc1'ent forms within the two parenta1 species in 1977 and 
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1978. One of the parental forms of A. fistl山sumwas the c凶 ivarKujyo (represented as 
N1)， a吋 theother two forms， collected in Isahaya City (N2) and Omura City (N3)， Naga幽
凶<:I， appee問 dto belong to the Natsunegi gro叩 (summerharvested forms). The parental 
fo1'ms of A. ascalonicum we1'e collected in Thailand (S1)， Bu1'ma (S2)， and lndonesia (Bawang 
me1'ah14)， S3)' 
The somatic chl'omosome complements of al mat巴rials，both of A. wakegi and of th巴
1"¥ hyb1'id， comprised 16 chromosomes and had the same karyotypes， except for diffeI官 lces
in the satellite 1'egions. 
}'1eiosis was studied with the smcar preparations of fi'esh anthers in i1'on acetic-carmine. 
Results 
A.ωakegi: 1¥t metaphase-1 chromosomes of un巴qualsize frequently paired in many 
PMCs of al thc clones examincd， and the majority of the bivalcnt chromosomes had on巴
chiasma. Thc1'巴 wasno evidence of chiasma localization in the centromere 1'egion as in 
A. fistulosum5， 11). On the contrary， m08t of thc chiasmata located in a terminal 01' sub-
terminal position. Two subtelocentric ch1'omosomcs frequently paircd togethcr， and 
usually had a single chiasma in the dista1 region of their long a1'ms. ln rare cases， com-
p1ete pairings showing 8 bivalent chromosomes were observed in some PMCs of the 
elones XY-3， 10， and 21， and in the remaining PMCs examined va1'ious numbers of 
univa1ent chromosomes we1'e observed. A triva1ent ch1'Omosom巴wasobse1'ved in a prvIC 
of the elone XY-13， and no othe1' mu1tiva1ent ch1'omosome could be observed in al the 
clones examined in the present investigation. The pai1'ed ch1'omosomes we1'巴 arrang巴d
in an equatorial plate at metaphase嗣1，while the univalent ch1'omosomes tended to be 
dist1'ibuted at 1'andom within the PMC. Typicalmetaphas巴-1cells of A. wakegi a1'e shown 
in Figs. 1-6. 
Table 1. Chromosome pairing at mctaphase-l in pollen mother cl1s 01'Allium wakegi 
Frequency of PMCs Total Average 
Clone Locality number number of 
number Number of bivalents 。fPMCs biv且lents
O 2 3 4 5 6 7 8 observed per PMC 
XY-l Hiroshima ， Japan 9 12 24 1 3 。。。 GO 1.8 
3 /ノ // O O O 2 15 20 10 3 51 5.9 
6 Saga ノγ 22 1G 9 4 O 。O O 52 1.0 
9 Nagasaki H 12 18 30 23 14 5 O 。103 2.3 
10 11 /ノ O 。O 2 9 22 22 1 G7 6.4 
13 Kumamo(o， λγ 65 27 4 3 O 。。O O 99 0.4 
]4. Korea 10 1 17 12 4 O 。 70 2.4 
18 Taiwan， China 8 1 22 20 1 3 2 。 78 3A 
21 Burma O 。O 5 13 20 40 25 12 115 5.9 
As shown in Tab1e 1， the frequency distribution of PMCs to the numbe1' of biva1ent 
ch1'omosomes at metaphase-I varied considε1'ably with the clones. Fo1' example， the 
clone XY-13 had a dist1'ibution 1'anging f1'Om 0 to 3 bivalent ch1'omosomes with the 
highest 1'1'equency at 0， while the clone XY-lO ranged 1'1'om 3 to 8 bivalent chromosomes 
with the highest 1'requency at 6 and 7 bival巴ntchromosomes. Concerning the average 
number ofbivdent chromosomes per PMC，ali tile cioars examined could kclassitied into 
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two g1'oups. ln the fi1'st group (XY-lぅ6，9， 13， 14， and 18) the ave1'age numbe1' o[ 
bivalent chromosomes pe1' PMC was les tha 
21) i江twas abo川 6.Thrrewere m myrrhtiombctMt11tileiocalitv of clones and ti1c 
chromosome pairing・
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A few numbers o[ chromosome [ragments were [ound at metaphase-1 in some PMCs 
o[ al the clones cxcept the clone XY…10， and the percentage o[ PMCs with chromosomc 
[ragments va1'ied from 0 to 25 with clones (Table 2). In general the sizes and shapes of 
the chromosome fragments were ir1'egular. A similar size and shape o[ chromosome 
fragments， however， occurrcd [1'巴quentlyin the clone XY -1which showed the highest 
pe1'centage of PMCs with chromosome jI';:tgments. 
Only a very small propo1'tion 01' the PMCs observed took a somewhat normal ap-
pearance at anaphase静Iin al the clones examinecl， and in the rcmaining largc number 01' 
PMCs there usually occu1'red a ccrtain number of lagging chromosomes， chromosome 
bridges， aswcll as chromosome 1'ragments. The univalent chromosomes lying far away 
0・omthe plate usually lagged， 01' were incorporatcd at random into one o[ thc daughtcr 
nuclei. Thcse lagging univalent chromosomes [ailed to cnter cither claughter nucleus ancl 
persistecl as mic1'Onuclei. 1n rare cases， some o[ the univalent ch1'Omosomes that were 
locatecl in close pr・oximityto the plate cliviclecl ancl the claughte1' halves were distribut巴d
to each pole. Fig. 7 gives an example o[ the anaphase幽1cell o[ A.ωakegi， showing chr・omo・
some briclges， lagging chromosomcs， and chromosome fragmcnts・
Several supernumcrary mic1'Onuclci [requcntly occurrecl at telophase幽1in many PMCs 
01' al the clones cxaminccl. Particularly in thc clonc XY-13 the maximum number o[ 
mic1'Onuclei 1'cached 9 per PMC. Fig. 8 shows the micronuclci at telophase幽Iin A. 
wakegi. These micronuclci were no cloubt clerivecl fi'om the lagging univalent chromo圃
somes 01' f1'Om the chromosome f1'agments. The micl‘onuclei became spherical in shape 
at tclophase-I and usually 1'emained so th1'ough the subsequent processes， ancl a ce1'tain 
numbe1' of the supernumera1'y micronuclei coulcl be noticecl in some mic1'ospores in a1 
the clones examinecl. 
The Fl hybricl: The gene1'al appearances o[ meiosis 'in the Fl plants were similar to 
those in the clones o[ A. wakegi， particularly with respect to the occurrences of heter官 nor-
phic pai1's having single ancl ranclomizccl chiasmata at metaphase-I， lagging chromosomes 
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and ch1'omosomc b1'idges at anaphas巴欄1，and mic1'onuclei at telophase-I. A t1'凶l'討、:1ルvaler以11孔t ;
ch1'羽nosomewas obs苅e1'v刊y冷edi加naP乱MCof、t出h己F司1plan川tAF一2一3，and a quadrかalentch1'omo輔
some in the F't plant AF-1-3. Excepting these two ch1'omosomes， no multivalent ch1'omo-
somes we1'e obse1'ved in all the F1 plants examined. Figs. 9-16 show a lew samples of 
the meiotic cells of the F1 plants. 
1n the f1'equency dist1'ibutions of PMCs to the numbe1' of biva1ent chromosomes at 
metapha臼よ noticeablediflerences we1'e observed among the F1 plants (Table 3). The 
1<¥ plant AF-4-2 had a dislribution of PMCs ranging II'om 0 to 6 bivalent ch1'omosomes 
50 
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A.fistulosum: N1; 'KlIjyo'， N2;‘Isahaya'， N3; 'Ornura¥ 
A. ascaloliclnl: S 1;‘Thailand'， S2; 'Burrna'， S3;‘Bawang rnerah'. 
a) 
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with the highest ikquency at 4bivalent chromosomes，wllile t1e F1plant AF-2-I ranged 
合om5t08bivalentcI1TOlnosomes with tilehighest frequency at 8bivalent chrOII1osomes 
The ave1'age numbe1' of bivalent chl'Omosomes per PMC va1'ied g1'adually [rom about 3 
to 7 with F1 plants. With 1'espect to the ch1'omo悶 nepairing山 individualsde1'ived 
rom a pa1'ental combination were not always simila1' to cach othe1'. Chromosome Dai1'-
円gstended to 。ωrmorc合equen向 inthe F1 pla凶 de1'ivedfrom the pa1'en凶 com-
binations of N2 x S2 ancl N3 X S2 than in those f1'om N1 X S1 and N3 X S3・
As shown in Table 4， one 01' two chromosome fJ司agmentswere found at metaphase閉1in 
some PMCs of ail themplants examinedexcept the F1plant AF-2-l and AF-41.The 
percentage of PMCs with chromosome fragments ranged from 0 to 4， and the sizes and 
shapes of chl'Omosomc fragments we1'e quite i1'1'egular. 
DiscussIon 
Besides univalent ch1'omosomcs， hetc1'omorphic bivalent chromosomcs with the single 
and 1'anclomizecl'chiasmata occurrccl at metaphase-I both in a1 the clones of A. wakegi 
and in a1 thc plants 0[F1 hyb1'id between A.fistulosum and A. ascalonicum examined in the 
p1'esent investigation. Mo1'cove1'， the occurrences of lagging chromosomes and ch1'omo-
some b1'idges at anaphase-I， and the fo1'mations of micronuclei at telophaseよ werecom-
mon phenomena to these mate1'ials. Several meiotic diffe1'ences， however・， were obse1'ved 
among these mate1'ials. 
Ku1'ita10) investigated a clone of A. wakegi obtained at Matsuyama City， Ehime， and 
[ound the PMCs which showed the fo11owing ch1'omosome configu1'ations at metaphase嗣1;
161， 1r十141，and 2rr十121， Of these configurations， the last 2r十121had occu1'1'ed 
most f1'equently ancl the fi1'st 161 1'a1'e1y. On the othe1' hancl， 1 wasa8) 1'eported that the 
numbe1' of bivalent ch1'omosomes appea1'ing at metaphase-I in a clone of A. wakegi co1姻
lected in Fukuoka City， Fukuoka， had va1'ied between 2 ancl 8， but in half the PMCs 
obse1'ved the ch1'omosome configu1'ations had been 6II+4J 01' 51I十61・ Inaddition to 
th巴seclones so fa1' 1'epo1'ted， nine clones of A. wakegi examined in the p1'esent investigation 
showed a 1'ema1'kable va1'iation on the ch1'omosome pai1'ing at metaphase-I in PMCs. 
These meiotic difi巴1'encesamong the clones we1'e too g1'eat to be exp1ainecl me1'ely as 
modifications caused by environmenta1 facto1's 01' the time of preparations. Late1' Iト
vestig川 ionsca1'1'ied out on the clones XY-I0 and XY-13 in 1980 showed tendencies in 
chromosorne pai1'ing sirnilar to the present results. The differences in rneiotie behavio1's 
arnong the clones o[ A.ωakegi， therefore， indicate the presence of genetical and structu1'al 
dissimilarities among the clones. Iwasa8) found the chrornosorne iragrnents at mctaphase刷
1 in about 18% of the PMCs in his clone. In the p1'esent investigation ehrornosome frag-
rnents were observed in rnost clones of A. wakegi， but the percentage of PMCs with chl'Orno幽
sorne fr‘agrnents va1'ied fぬm 0 to 25 with the clones. The difference in the occurrences 
of ch1'ornosome fragrnents among the clones of A. wakegi seems to be another noticeable 
phenornenon that indicates the presence 01' the aboveωrnentionecl dissimilarities. 
The ave1'age nurnbcr 01' bivalent chromosomes per PMC at metaphasc-I showcd a 
g1'adual variation 
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had only impli巴dthe relative conditions at one particular time. 拭oreover，a marked 
difference in the frequencies of ch1'omosome pairings can be noticed within the inte1'specific 
hybrids betw巴enA. ceta and A. fistulosum produced by several 1'esearchers5， 12， 13). The 
meiotic differences among the F1 plants examined in the plでsentinvestigation maγbe 
eXplained by numerous genetical and possibly st1'llctu1'al differences among the F1 plants. 
These differ巴ncesa1'e p1'obably der、ivedf1'om the different fo1'ms within one 01' both of the 
pa1'ental species， 01' may have o1'iginated f1'om the heterozygosity of the parental plants. 
These facts obse1'ved both in the cases so fa1' 1'epo1't巴dand in th巴 presentcase seen1 to 
prepa1'e one of the p1'obable explanations to the p1'esence of genetical and st1'uctural 
dissimila1'ities among the clones of A.ωakegi， that is， di任erentfo1'ms within one or both of 
the pa1'ental species may have been involved in the o1'igin of A. wakegi. 
The autho1' has compa1'ed the ka1'yotype of A. wakegi with that of the F1 hyb1'id between 
A. fistulosum and A. ascalonicum， and p1'oposed the assumption that A. wakegi must be a 
product of the inte1'specific hybridization between A. fistulosum and A. ascalonicum15) 
Moreover， Adaniya et al.l) confi1'med this assumption th1'ough thei1' detailed ka1'yotypic 
obse1'vations. 1n addition to the 1'esemblance of karyotypes， meiotic simila1'ities between 
A. wakegi and the F1 hyb1'id between A.fistulosum and A.ωcalonicum seem to strongly sup-
port this assumption. The low f1'equencies of ch1'omosome pai1'ings in many clones of 
A. wakegi as compa1'ed with the F1 plants， howeve1'， should not be overlooked. Some of 
the p1'obable causes fo1' this meiotic diffe1'ence seem to be involved in the fact that A. 
wakegi has been propagated v巴getativelyfo1' thousands of yea1's， whe1'eas the F1 hybrids 
examined in this investigation have been g1'own fo1' only one 01' two yea1's. Du1'ing the 
long pe1'iod of the cultivation some clone of A. wakegi may have accumulated gene 01' 
ch1'omosome mutations， and may have been infected with such mic1'obiological facto1's as 
have an巴ffectupon the microspo1'ogenesis6， 9). The accumulation of mutations and the 
infection with such factors seem to be othe1' causes for the meiotic differences among the 
clones of A. wakegi. 
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Explanation of五gur‘es
Figs.I-6. Chromosome pairing at metaphase-I in Allium wakegi. xca.1000. Arrows indicate the 
chromosome fragments. 
1. 8u， in the clone XY-10. 
2. 6u十41， 11 XY-21. 
3. 4u十8r， 11 XY-9. 
4. 3u十101+1 f， / XY-21. 
5. 2rr十12r， 11 XY-9. 
6. 161十1f， 11 XY-13. 
Fig. 7. Chromosome bridgcs， lagging chromosomes， and chromosome fragmcnts at anaphase綱1in A. 
wakegi， the clone XY -21. X ca. 1000. 
Fig. 8. Micronuclei at telophase“1 in A. wakegi， thc clone XY -21. X ca. 1000. 
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Explanation of五gures
Figs.9-14. Chromosome pairing at metaphase-I in thc F1 hybrid betwcen Allium .fistulosum and A 
ascalonicum. X ca. 1000. 
9. 8Jb in the F J plant AF-3-3. 
10. 7日十21， /ノ AF-3-2. 
11. 6II十41， 11 AF-2-3. 
12. 4II十81， 11 AF-1-1. 
13. 3II-ト10]， 11 AF-4-2. 
14. 2II十121ラ ノγ AF-4-2. 
Fig. 15. Chromosome bridgcs and lagging chromosomes at anaμ1a.'e-1 in thc F 1 I1ybridラ AF-3-1.
X ca. 1000. 
Fig. 16. Micronuclei and chromatin bridges at interkine:;is in the Fr hybrid， AF-4-1. X ca. 1000. 
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